Experimental glutamatergic excitotoxicity in rabbit retinal ganglion cells: block by memantine.
Excessive activity of NMDA-type (N-methyl-d-aspartate) glutamatergic channels has been implicated as a mechanism for neuronal injury in neurologic disorders, including glaucoma, and retinal disease. This study was designed to characterize the retinal response to experimental manipulations that mimic features of glutamatergic excitotoxic insult and also to determine whether memantine, an NMDA-type glutamatergic channel blocker, is effective in reversing experimental excitotoxicity. Recordings of the electroretinogram (ERG) and spiking activity of single retinal ganglion cells (RGCs) were made from rabbit retinas. Excitotoxic insult was induced by either (1) application of NMDA, a selective NMDA receptor agonist; (2) application of TBOA (dl-threo-beta-benzyloxyaspartic acid), a selective inhibitor of glutamate transporters, or (3) perfusion with magnesium-free medium. For each condition, memantine was coapplied to determine its efficacy for reversal of experimental excitotoxicity. Memantine was also applied in isolation to characterize any effect on retinal responses to light stimuli. All three experimental manipulations were associated with an increase in the tonic level of RGC spiking activity, a reduction in RGC spike amplitude, and, in some cells, block of spike generation. Experimental excitotoxicity had little or no effect on ERG responses. Coapplication of memantine was associated with recovery of RGC tonic spiking activity and spike amplitude toward control levels. Application of memantine in isolation was associated with a dose-dependent effect on the timing of ERG and RGC-OFF responses. Memantine was effective in reversing acute experimental excitotoxicity at concentrations that have little effect on retinal light signaling.